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FULWLFDOVHFWLRQRI WKHWRZHU
149 Pramod kumar Sharma et al. /  Procedia Materials Science  5 ( 2014 )  147 – 153 
([SHULPHQW6HWXS
)RUSHUIRUPLQJWKHH[SHULPHQW	WHVWLQJRIFRPSRVLWHVIROORZLQJPDFKLQHHTXLSPHQWVDUHUHTXLUHG7KH SUREOHPLV
DVVRFLDWHGZLWKWKHVWXG\RIHIIHFWRIFROGSUHVVIRUJLQJDQGKRWSUHVVIRUJLQJRQYDULRXVSURSHUWLHVDQGGLVWULEXWLRQ
RI$O   PHWDOPDWUL[ FRPSRVLWHV IDEULFDWHG
E\ XOWUDVRQLF VWLU FDVWLQJ WHFKQLTXH IRU GLIIHUHQW
ZHLJKW SHUFHQWDJH RI UHLQIRUFHPHQW$Q H[SHULPHQWDO
VHW XS ZDV SUHSDUHG WR IDFLOLWDWH WKH SUHSDUDWLRQ RI
UHTXLUHG 00&V 7KH DLP RI WKH H[SHULPHQW ZDV WR
VWXG\ WKH HIIHFW RI VHFRQGDU\ IRUPLQJ SURFHVV DQG
YDULDWLRQRIWKHSHUFHQWDJHFRPSRVLWLRQWRSUHGLFW WKH
GLIIHUHQW SURSHUWLHV RI WKH ILQDO FRPSRVLWH SURGXFW
7KH H[SHULPHQW ZDV FDUULHG RXW E\ SUHSDULQJ WKH
VDPSOHV RI GLIIHUHQW SHUFHQWDJH FRPSRVLWLRQ EHIRUH
DQG IRUJLQJ DQG WKHQ VXEMHFWHG WR GLIIHUHQW PDFKLQHV
VXFK DV +DUGQHVV WHVWLQJ PDFKLQH 8QLYHUVDO WHVWLQJ
PDFKLQH 6(0HWF WR FKHFN WKH EHKDYLRU RI WKH
FRPSRVLWHVEHIRUHDQGDIWHUIRUJLQJ
x :HLJKLQJ0DFKLQH
x 0DWUL[$ODOOR\
x 5HLQIRUFHPHQW$O2
x &UXFLEOH*UDSKLWH
x 0RXOG0LOG6WHHO
x 6WLUUHU
x 8OWUDVRQLF3UREH
x )RUJLQJGLH
x 3ROLVKLQJPDFKLQH
x 3UHVVIRUJLQJPDFKLQH
x 5RFNZHOO +DUGQHVV7HVWLQJ0DFKLQH
x 8QLYHUVDO7HVWLQJ0DFKLQH
x /DWKH
x 6FDQQLQJ(OHFWURQ0LFURVFRSH6(0
x 7UDQVPLVVLRQ(OHFWURQ0LFURVFRSH
)LJ6WLU&DVWLQJ6HWXS
)LJ 8OWUDVRQLFWUDQVGXFHU DQG 8OWUDVRQLFWUDQVGXFHUVHWXS
)LJ6(0LPDJHVRI$O2 )LJ 7(0LPDJHVRI$O2
150   Pramod kumar Sharma et al. /  Procedia Materials Science  5 ( 2014 )  147 – 153 
 0HWKRGRORJ\
7KHDOORZDEOHORFDOEXFNOLQJVWUHVVPHWKRGLQYROYHV
&DOFXODWLQJWKHHODVWLFFULWLFDOEXFNOLQJVWUHVVRIDF\OLQGULFDOVWHHOWXEHZKLFKKDVPRGXOXVRIHODVWLFLW\(VZDOO
WKLFNQHVVWZDQGPHDQUDGLXVUP LQD[LDOFRPSUHVVLRQ
&DOFXODWLQJFULWLFDOVWUHVVUHGXFWLRQFRHIILFLHQWVIRUEHQGLQJDQGD[LDO/RDGLQJ
3OXJJLQJWKHVHYDOXHVDORQJZLWKWKHPDWHULDO¶V\LHOGVWUHQJWKI\ WRREWDLQWKHDOORZDEOHORFDOEXFNOLQJVWUHVV7KH
PD[LPXPSULQFLSDOVWUHVV LQ WKHVWUXFWXUHVKRXOGQRWH[FHHG WKLVDOORZDEOH ORFDOEXFNOLQJVWUHVVYDOXH LQRUGHU WR
DYRLGORFDOEXFNOLQJ
$VVXPSWLRQV
x 7RZHULVDVVXPHGDVDFDQWLOHYHUEHDPZLWKOLQHDUYDU\LQJFURVVVHFWLRQDQGWKLFNQHVVFRQFHQWUDWHGDVD
SRLQWPDVV:HLJKWRIWRZHULQVWUXPHQWPDUJLQDFWLQJDWWKHWRSHQG
x 0DWHULDOLVWREHIROORZLQJ+RRN¶VODZRIHODVWLFLW\
x (XOHU%HUQRXOOLWKHRU\LVXVHGLQEXFNOLQJDQDO\VLV
x 1HJOHFWLQJWKHHIIHFWRIGUDJIRUFHFDXVHGE\DLUIORZ
%XUWRQHWDO JLYHQWKHORFDOEXFNOLQJFULWHULD
ı  α  ͳ Ϋ ͲǤͶͳʹ͵ Į Ǥı
Ǥ
Ϋ
Į Ǥ ı ε 
ͲǤ͹ͷĮ Ǥ ı  Į Ǥ ı ζ 
ı  α ͲǤ͸Ͳͷ 
Į α ͲǤͳͺͺ͹ Ϊ ͲǤͺͳͳ͵Į 
Į α 
Ǥ
Ǥ
ǡ δ ʹͳʹ
Ǥ
Ǥ Ǥ
ǡ η ʹͳʹ

7KHPD[LPXPGLVWRUWLRQHQHUJ\WKHRU\VWDWHVWKDW\LHOGLQJZLOORFFXUZKHQWKHGLVWRUWLRQHQHUJ\SHUXQLWYROXPHLV
HTXDOWRWKDWDVVRFLDWHGZLWK\LHOGLQJLQDVLPSOHWHQVLRQWHVW7KLVWKHRU\LVFRPPRQO\XVHGLQHQJLQHHULQJGHVLJQ
EHFDXVH RI LWV SURYHQ WUDFN UHFRUG IRU SUHGLFWLQJ IDLOXUH LQ GXFWLOH0DWHULDOV 3ULQFLSDO VWUHVVHV V V DQG V DUH
REWDLQHGDWWKHFULWLFDOSRLQWVLQWKHWRZHU,QSUDFWLFHDQDSSURSULDWHIDFWRURIVDIHW\IVLVDSSOLHGWRUHGXFH
WKH PDWHULDO¶V\LHOGVWUHVV V\S
8JXUDOHWDO JLYHQWKHPD[LPXPGLVWRUWLRQHQHUJ\WKHRU\IRUGXFWLOHPDWHULDO
Ϋ Ϊ  Ϋ Ϊ  Ϋ α ʹ 
7RWDOZHLJKWDVVXPHGRQWKHWRZHU
 :HLJKWRIWKHWRZHUZHLJKWRIWKHLQVWUXPHQWZLWKWKHZHLJKWRIWKHLQVWUXPHQW
$VSHU,6
9] 9ENNNN 
7KHGHVLJQZLQGSUHVVXUH3G FDQEHREWDLQHGDV
3G  .G.D.F9] 
151 Pramod kumar Sharma et al. /  Procedia Materials Science  5 ( 2014 )  147 – 153 
 5HVXOWV
+DUGQHVV7HVWLQJ0DFKLQH0RGHO 7561'75617'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IDLOXUH VWUHQJWK RI WKH WRZHU IRU DOO WKH W\SH RI PDWHULDO7KH
EXFNOLQJ UHVXOWV DUH GLVSOD\HG ZKLFK VKRZV WKDW FRQFUHWH KDV
PRUHVHYHUHWREXFNOHFRPSDUHWRVWHHODQGK\EULGPDWHULDO
)LJ 8QLYHUVDO7HVWLQJ0DFKLQH
)LJ +DUGQHVV7HVWLQJ0DFKLQH
)LJ 'HVLJQ ZLQGORDGYDULDWLRQZLWKUHVSHFWWRKHLJKW
)LJ 'HVLJQZLQGVSHHG YDULDWLRQZLWKUHVSHFWWRKHLJKW
)LJ 9RQ0LVVHVUHVXOWIRUVWHHOWRZHU
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7DEOH  PRGHVRIEXFNOLQJIRUVWHHOWRZHU
7DEOH PRGHVRIEXFNOLQJIRUFRQFUHWHWRZHU
7DEOH  PRGHVRIEXFNOLQJIRUK\EULGWRZHU
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)LJ 7RWDOPHFKDQLFDOVWUDLQIRUVWHHOWRZHU
)LJ VW3ULQFLSOH6WUHVVIRUVWHHOWRZHU
)LJ&RPSUHVVLYHVWUHQJWKYDULDWLRQ )LJ +DUGQHVVWHVWUHDGLQJ
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7DEOH  +DUGQHVVWHVWUHDGLQJ 7DEOH  &RPSUHVVLYHWHVWUHDGLQJ
&RQFOXVLRQ
7KHSUHVHQWZRUNRQSUHSDUDWLRQRI$O$O2 PHWDOPDWUL[FRPSRVLWHE\8/75$621,&$66,67('67,55
&$67,1*DQGHYDOXDWLRQRIPHFKDQLFDOSURSHUWLHVKDVOHGWRIROORZLQJFRQFOXVLRQV
x $OXPLQLXP EDVHG PHWDO PDWUL[ FRPSRVLWHV KDYH EHHQ VXFFHVVIXOO\ IDEULFDWHG E\ XOWUDVRQLF DVVLVWHG VWLU
FDVWLQJWHFKQLTXH ZLWKIDLUO\XQLIRUPGLVWULEXWLRQRIDOXPLQLXPR[LGHVSDUWLFXODWHV
x ,WUHYHDOVWKDWWKHKDUGQHVVRIFRPSRVLWHLQFUHDVHVZLWKLQFUHDVLQJWKHZHLJKWSHUFHQWDJHRI$O2 SDUWLFOHV
x )XUWKHU ZKHQ ZW  RI QDQR $O2 H[FHHGV  FRPSUHVVLYH VWUHQJWK GHFUHDVHV 7KLV EHFDXVH RI
FOXVWHULQJDJJORPHUDWLRQRIQDQRSDUWLFOHVDWKLJKHUZHLJKWRI$O2
x 8OWLPDWHO\WKLVSDSHUSURYLGHVWKHRYHUDOOGHVLJQRIRQVKRUHWXEXODUVWHHOWRZHUDW3DUDGLSSRUWVLWXDWHGDW
WKHFRQIOXHQFHRIULYHU0DKDQDGLDQG%D\RI%HQJDO
x 'XHWROLPLWDWLRQRIWUDQVSRUWDWLRQLWLVGLIILFXOWWRPDQXIDFWXUHVWHHOSODWHVPRUHWKDQP6RUHVHDUFKLV
QHHGHG WR LPSURYH WKHPDQXIDFWXULQJ WHFKQRORJ\ LQ VWHHO VHFWRUVDQGGHVLJQRI WRZHUV LQVXFKDZD\VR
WKDWWKHEHWWHUXWLOL]DWLRQRIVWHHOFRXOGEH GRQHZKLFKLVWKHFXUUHQWPDMRULVVXHLQIURQWRIUHVHDUFKHUVDQG
VFLHQWLVWV
x 5HVHDUFK LV DOVR QHHGHG WR LQFRUSRUDWH WKH XVH RI K\EULG WRZHUV LQVWHDG RI VWHHO IRU WKH WRZHU KHLJKW
H[FHHGLQJP7RZHUGLPHQVLRQVZHUHGHWHUPLQHGE\WKHFRPELQDWLRQRIVWUHQJWKDQGIDWLJXH$VVXFK
WKHWRZHU¶VRSHUDWLRQDOGHVLJQOLIHLVDSSUR[LPDWHO\\HDUV
$FNQRZOHGJPHQW
,QWKLVSDSHUDORWRIFRQWULEXWLRQLVJLYHQE\WKHWHDPPHPEHUVRIWKH3DUDGLSUHILQHU\SURMHFW DW2GLVKD,1',$
5HIHUHQFHV
$4XLOOLJDQHWDO )UDJLOLW\DQDO\VLVRIVWHHODQGFRQFUHWHZLQGWXUELQHWRZHUV(QJLQHHULQJVWUXFWXUH(/6(9,(5
%XUWRQHWDO:LQG(QHUJ\+DQGERRN:HVW6XVVH[(QJODQG-RKQ:LOOH\	6RQVOWG
&65DPHVKDHWDO³:HDUEHKDYLRURIKRWH[WUXGHG$O EDVHGFRPSRVLWHV´:HDU±
*%9HHUHVK.XPDU HWDO ³6WXGLHVRQ$O6L&DQG$O$O20HWDO0DWUL[&RPSRVLWHV´-RXUQDORI0LQHUDOV	0DWHULDOV
&KDUDFWHUL]DWLRQ	(QJLQHHULQJ9RO1RSS
** 6R]KDPDQQDQ  HW DO  ³(IIHFW RI 3URFHVVLQJ 3DUDPWHUV RQ0HWDO0DWUL[&RPSRVLWHV 6WLU&DVWLQJ 3URFHVV ´ -RXUQDO RI 6XUIDFH
(QJLQHHUHG0DWHULDOVDQG$GYDQFHG7HFKQRORJ\
/DQLHU 03/:67 SKDVH , SURMHFW FRQFHSWXDO GHVLJQ VWXG\(YDOXDWLRQ RI GHVLJQ DQG FRQVWUXFWLRQ DSSURDFKHV IRU HFRQRPLFDO K\EULG
VWHHOFRQFUHWHZLQGWXUELQHWRZHUV*ROGHQ15(/
0DDODZL.<6WUXFWXUDOGHVLJQRSWLPL]DWLRQRIZLQGWXUELQHV&DLUR8QLYHUVLW\
1+RVVHLQLHWDO³$FRPSDUDWLYHVWXG\RQWKHZHDUSURSHUWLHVRIFRDUVHJUDLQHG$ODOOR\DQGQDQRVWUXFWXUHG$O±$O2FRPSRVLWHV´
7ULERORJ\,QWHUQDWLRQDO±
3(8\VDHWDO2SWLPL]DWLRQRIDVWHHOWRZHUIRUDZLQGWXUELQHVWUXFWXUH(/6(9,(5(QJLQHHULQJVWUXFWXUH
8JXUDOHWDO$GYDQFHGVWUHQJWKDQGDSSOLHGHODVWLFLW\WKHGLWLRQ1HZ-HUVH\3UHQWLFH+DOO
:LQGORDG&DOFXODWLRQIRU%XLOGLQJ,6
6HW &RPSUHVVLYHVWUHQJWK
03D
$O2 
$O2 
$O2 
$O2 
6HW      $YJ
$O2      
$O2      
$O2      
$O2      
